Background: Osteoprotegerin (OPG), a soluble member of the tumor necrosis factor receptor superfamily that inhibits bone resorption, has been suggested as a potential marker of cardiovascular risk. This study aimed to assess the relationship between insulin resistance, lipid profile and OPG levels in obese and non-obese sub-Saharan African women. Methods: Sixty obese (44) and non-obese (16) volunteer women aged 18 to 40 years were recruited in this cross-sectional study. Their clinical (age, height, weight, waist circumference, systolic and diastolic blood pressures) and biochemical parameters (fasting blood glucose, total cholesterol, high density lipoprotein-cholesterol (HDL-C)) were measured using standard methods. Insulin levels were measured using an electrochemiluminescence immunoassay, while OPG levels were measured using the ELISA technique. Low density lipoprotein-cholesterol (LDL-C), body mass index (BMI) and Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) were calculated using standard methods. Abdominal obesity was defined as a waist circumference ≥ 80 cm. Results: OPG levels were higher in obese than in normal subjects, though the difference was not significant (p = 0.9). BMI, waist circumference, percent body fat and systolic blood pressure were significantly higher in obese than in non-obese subjects (p < 0.05). In these subjects, only age significantly correlated with OPG levels (r = 0.831, p = 0.003), while none of the anthropometric nor metabolic parameter did, even after adjustment for age. In obese subjects, OPG levels fairly correlated with HDL-C (r = 0.298, p = 0.058), and significantly correlated with HOMA-IR (r = −0.438, p = 0.018). After adjustment for age, OPG levels remained negatively correlated to HOMA-IR (r = −0.516, p = 0.020) and LDL-C (r = −0.535, p = 0.015) and positively correlated to HDL-C (r = 0.615, p = 0.004). In multiple linear regression analysis, age was a main determinant of OPG levels in non-obese (β = 0.647, p = 0.006) and obese (β = 0.356, p = 0.044) women. HDL-C was also associated to OPG levels in obese women (β = 0.535, p = 0.009). Conclusion: The positive correlation of OPG with HDL-C and HOMA-IR, and its negative correlation with LDL-C suggest that it may be a marker of insulin sensitivity/resistance and atherogenic risk in obese African women.
Background
Osteoprotegerin (OPG) is a soluble glycoprotein that belongs to the tumor necrosis factor receptor super-family [1] . It acts as a decoy soluble receptor for the receptor activator of nuclear factor kB ligand (RANKL) [2] , thus preventing RANKL from binding its receptor on osteoclasts, thereby inhibiting osteoclastogenesis [3] . Some studies showed that OPG may modulate vascular calcification, endothelial dysfunction and left ventricular dysfunction [4] [5] [6] [7] . OPG was also found associated to ischemic heart disease, stroke and all-cause mortality in patients with heart failure [4, [8] [9] [10] . Furthermore, a relation between OPG and insulin sensitivity was seen in an ageing male population, and in obese and non-obese individuals [11, 12] . There is therefore a need to further investigate the potential of OPG as a marker of cardiovascular risk in diverse ethnic populations. This study aimed to assess the relationship between insulin resistance, lipid profile and OPG levels in obese and non-obese sub-Saharan African women.
Methods
This was a cross-sectional study. Sixty women aged 18 to 40 years, of which 44 obese and 16 non obese were recruited within the general population of Edéa, Cameroon. For each participant we measured height, waist circumference to the nearest 0.5 cm, and weight in light clothes to the nearest 0.1 kg, and we then calculated the body mass index (BMI) as weight in kg/height 2 in m 2 . We measured resting blood pressures using standardized procedures with an automatic sphygmomanometer Omron HEM-705 CP (Omron Corporation, Tokyo, Japan). Fasting blood glucose was obtained with the Accu-Chek® Compact Plus glucometer (F. Hoffmann-La Roche AG, Basel, Switzerland). Serum cholesterol (cholesterol oxidase phenol4-amino antipyrene peroxidase method), serum triglycerides (glycerol phosphatase oxidase-phenol4-amino antipyrene peroxidase method), and high-density lipoprotein (HDL)-cholesterol (cholesterol oxidase phenol4-amino antipyrene peroxidase method) were measured on a spectrophotometer (UV Mini 1240) using Chronolab kits (Chronolab Systems, Barcelona, Spain). Low-density lipoprotein (LDL)-cholesterol was calculated using the Friedwald's formula [13] . Insulin levels were measured using an electrochemiluminescence immunoassay (Roche Diagnostics, Indianapolis, USA), while OPG levels were measured using Osteoprotegerin ELISA kit (Immunodiagnostic systems, Fontain Hill, USA). Variables were expressed as mean with standard deviation (SD). The Student t-test was used to compare the obese and non-obese groups with respect to clinical and biological parameters. Pearson's correlation and partial correlation were used to determine unadjusted and adjusted correlates of OPG levels in obese women. Multiple stepwise linear regression analyses were performed to determine the metabolic correlates of OPG levels in obese and non-obese women. A p value < 0.05 was considered statistically significant.
The study was approved by the National Ethical Review Board of the Cameroon Ministry of Public Health. Written informed consent was obtained from all the participants. The study was conducted in accordance with the Helsinki Declaration.
Results
Sixty women (44 obese and 16 non-obese) were recruited. Obese women were significantly older than non-obese (mean age: 31.86 ± 5.23 vs 27.44 ± 6.07; p = 0.012). BMI, waist circumference, systolic blood pressure and percent body fat levels were significantly higher in obese than in non-obese subjects (p<0.05). OPG levels were comparable among both groups (Table 1) .
In non-obese subjects, only age significantly correlated with OPG levels (r = 0.831, p = 0.003), while none of the anthropometric nor metabolic parameters did, even after adjustment for age. As shown in Table 2 , in obese subjects, OPG levels were almost correlated with HDL-C (r = 0.298, p = 0.058), and were significantly correlated with HOMA-IR (r = −0.438, p = 0.018). After adjustment for In multiple stepwise regression analysis (Table 3) , age was a main determinant of OPG levels in non-obese (β =0.647, p = 0.006) and obese (β =0.356, p = 0.044) women. HDL-C was also associated to OPG levels in obese women (β = 0.535, p = 0.009).
Discussion
The aim of this study was to assess the relationship between insulin resistance, lipid profile and OPG levels in obese and non-obese sub-Saharan African women. Age significantly correlated with OPG levels in both groups. After adjustment for age, only HDL-C levels, LDL-C levels, and HOMA-IR correlated with OPG levels in obese, but not non-obese women.
OPG levels have been associated with a high risk of cardiovascular disease in humans [14, 15] . This result has long been a matter of controversy in the literature, possibly because of different sizes of the study populations and of different methodologies [4] . Even in our previous study carried out on an older population made up of both sexes, HDL-C levels did not correlate with OPG levels [16] . Some observational studies showed an association between elevated serum OPG levels and clinical cardiovascular disease [11, 12, 17, 18] . Unlike these studies, we found that HDL-C which has a protective effect on heart and vessels in humans [19] , was positively correlated with OPG levels. Additionally, LDL-C which carries a proatherogenic profile was negatively correlated to OPG. These findings are consistent with evidence from many animals studies that found a protective role for OPG on the vasculature [20] .
We found that HOMA-IR was negatively correlated with OPG levels in obese women, indicating that elevated OPG levels may be suggestive of high insulin sensitivity. Contrariwise, in a study among Caucasian obese, HOMA-IR was positively correlated to OPG levels [10] . Although our findings along with those of previous studies suggest that serum OPG may be a marker of insulin sensitivity/resistance in obese individuals [10, 12] , whether elevated serum OPG levels reflect insulin sensitivity or resistance in this particular population remains controversial. Differences in ethnic background, metabolic conditions and diagnostic criteria of insulin sensitivity using HOMA-IR in the populations studied may partly explain this inconsistency. Indeed, it has been shown that cut-off values of HOMA-IR are defined by populationbased percentiles criteria. Furthermore, these cut-off values are different according to ethnicity, clinical methods of estimation, and metabolic conditions of populations studied [21] . To the best of our knowledge, there is no reference values for HOMA-IR that have been validated in our population. However, we conducted a study that showed that the performance of fasting insulin sensitivity indices in predicting insulin sensitivity among Black Africans are not optimal [22] . Overall, discrepancy between our results and some previous reports in Caucasians regarding the relationship between OPG levels and lipid profile and HOMA-IR [10, 12] stresses the need for further investigation with an emphasis on ethnic differences.
The main limitation of this study is its small sample size which hampered definitive inferences and drawing relevant conclusions. Thus, our findings need to be verified in further large population studies.
Conclusion
The positive correlation of OPG with HDL-C and HOMA-IR, and its negative correlation with LDL-C suggest that it maybe a marker of insulin sensitivity/resistance and atherogenic risk in obese African women. Further large studies are needed to verify these findings. 
